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© An axial air gap motor comprising a housing 
(102) having a first endplate (108) and an opposed 
second endplate (110), a stator assembly (104) 
mounted within the housing, and a rotor assembly 
(106) rotatably mounted within the housing. The rotor 
assembly includes an annular disc shaped armature 
(130), wherein the armature includes a front facing 
surface and a rear facing surface. Additionally, the 
stator assembly (104) includes a first magnetic per- 
meable flux return plate (140) secured to the first 
endplate (108) and a magnet assembly (150) se- 
cured to the first flux return plate (140). The magnet 
assembly is positioned between the first flux return 
plate (140) and the front facing surface of said 
armature (130) for directing a magnetic field to said 
armature in a direction normal to a plane of said 
armature. The stator further includes a magnetic 
permeable second flux return plate (142) secured to 
the second endplate (110). 
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BACKGROUND OF THE INVENTION 

Axiai air gap motors have been employed for 
many years. During that time they have taken 
many configurations. The motors use magnets in 
combination with rotating, flat profile windings 
made either from stampings, etchings or conven- 
tionally wound wire that have been employed for 
some time in DC and AC motors. 

Axial air gap motors are often referred to as flat 
or "pancake" motors, and have been employed in 
numerous applications where length is an important 
design eonsideration. In general, .axialaic gap ar- 
mature designs provide the shortest length motor 
profiles currently available. The motors are char- 
acterized by axial air gap, printed, stamped or wire 
wound armatures. The motors are also character- 
ized by axialiy or radially oriented brush/spring 
assemblies for axial or radial commutation. 

While axial air gap motors have proven them- 
selves beneficial for their desired purposes, today 
there are many applications where reduction of 
length must be optimized even further. For exam- 
ple, this is the case with motors used in many 
automotive applications, such as in radiator and 
condenser cooling modules, as well as window lifts, 
blower assemblies and the like. Engine compart- 
ments and body panels in automobiles are con- 
stantly decreasing in available volume, while pas- 
senger space is constant or increasing. Conse- 
quently, minimizing length and weight, as well as 
costs, while maximizing power output are important 
criteria for not only automotive applications but also 
for other applications of "pancake" motors as, for 
example, aerospace, industrial and other commer- 
cial applications. 

A typical prior art air gap motor is shown in 
Figure 1. Permanent magnets 10 are fixedly se- 
cured to endplates 12 of the stator. The endplates 
are made of magnetic, permeable material (for 
example, steel or iron) and act as a flux return 
path. The housing 14 is completed by an aluminum 
cylindrical outer ring 16 positioned between the 
endplates 12. An armature 18 mounted on a rotary 
shaft 20 is provided in the space between the 
magnets 10. Current is applied to the armature 18 
through brushes 22. The armature 18 is a conven- 
tional profile winding made either from stampings, 
etchings or conventional wound wire. 

Currently, axial air gap motors, such as the one 
disclosed in Figure 1 , are constructed with a stator 
assembly consisting of a set of permanent mag- 
nets 10 on one or both sides of the armatur 18. 
The magnets 10 ar typically bonded to endplates 
12 of magnetic, permeable material, for example, 
cold roll d steel or iron. The magnets are most 
commonly made of Alnico material, although in 
recent years motors with high coercivity magnets 



containing rare earth elements (samarium cobalt, 
neodymium, or praseodymium) have become avail- 
able. The prior art motor further includes a wave 
washer 24 and a charge coil winding 26. 

5 The armatures of axial air gap motors are usu- 

ally stampings, etchings or conventional wire win- 
dings. The following US Patents are exemplary of 
armature designs currently utilized: 
US-A-3,488,539; US-A-3,575,624; US-A-3 ,737,697; 

w US-A-4,321,499; US-A-4,341 ,973; US-A-4,41 3,895; 
US-A-4,794,293; US-A-5,099,162; and US-A- 
5,144,183. 

As stated previously, prior axial air gap motors 
use the motor endplates as a flux return path. As a 
ts result, the endplates must be, made from expensive 
materials such as steel or iron which must be 
plated to prevent oxidation. Although lighter weight 
and less costly materials, such as aluminum, would 
facilitate significant savings, aluminum endplates 
20 cannot be used in present motors, since aluminum 
does not have the necessary permeability to be 
used as a flux return path. 

Additionally, stators (that is magnets, endplates 
and brushes) of prior art motors require a long 
25 assembly time since they are made from a "se- 
ries" build. That is, each step of the assembly 
process is contingent upon, and cannot be started 
before the prior assembly is completed. As a re- 
sult, magnets cannot be bonded to the endplates 
30 until the endplates are made, brushes and bearings 
cannot be inserted until the magnets are bonded, 
etc. This lengthens the manufacturing cycle, tends 
to increase inventory, and seriously impedes a 
manufacturer's ability to increase responsiveness 
35 to customers. 

The use of Alnico magnets in prior art motors 
requires that the magnet charging be done in situ. 
As such, an internal charge wire must be built into, 
and remain, in the motor. However, the recent use 
40 of high coercivity magnets containing rare earth 
elements in axial air gap motors has eliminated this 
problem. Despite these advantages, designs for 
axial air gap motors have not fully utilized the cost 
benefits these high coercivity magnets facilitate. 
45 Additionally, modifying motor performance 
characteristics (that is, increasing torque and/or 
power) in existing axial air gap motors is typically 
difficult and requires significant redesign. Specifi- 
cally, torque can only be increased by either in- 
50 creasing the material grade, decreasing the air gap, 
or increasing the magnet dimensions (typically 
length). In doing so, significant design costs are 
incurred, a propagation of new parts occur that 
must be introduced, maintained and warehoused, 
55 the difficulty of maintaining the motor increases 
and inventory costs increase, in addition, motor 
length must typically increase to accommodate th 
long r magnets required by higher torque motors. 
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The increase in motor length tends to nullify the 
advantages associated with the flat profiles pro- 
vided by axial air gap motors. 

Finally, current axial air gap motors are difficult 
to manufacture, require significant assembly, tool- 5 
ing and jigs, require significant assembler training, 
and have long manufacturing cycle times and high 
inventory costs. 

Despite the advances made by presently avail- 
able axial air gap motors, it is apparent that the to 
need for a convenient, inexpensive, and reliable 
motor still remains. The present invention fulfills 
this need. 

SUMMARY OF THE INVENTION 75 

Therefore, it is an object of the present inven- 
tion to provide a motor having a reduced manufac- 
turing cycle time. 

Another object of the present invention is to 20 
provide a motor that significantly reduces inventory 
costs by allowing versions of a specific housing 
size to be made from common parts. 

A further object of this invention is to provide a 
motor permitting multiple torque performances 25 
within a single housing size by simply using shims 
or spacers within the motor. 

A still further object of this invention is to 
provide a motor permitting parallel manufacture to 
occur where subassemblies are not contingent on 30 



previous subassemblies, and can be made concur- 
rently with other subassemblies. 

A further object of this invention is to provide a 
motor that provides significant advantages in cost, 
flexibility and performance. 

Another object of the present invention is to 
provide a motor having reduced material and labor 
costs. 

It is also an object of the present invention to 
provide a motor that significantly reduces repair 
and field replacement costs, significantly reduces 
the skill and know-how needed by assemblers, 
requires very simple tooling and fixturization, facili- 
tates field replacement of components (particularly 
brushes), and is lighter in weight than existing axial 
air gap DC motors. 

These and other objects of the present inven- 
tion are accomplished by an axial air gap motor 
comprising a housing including endplates, a stator 
assembly mounted within said housing, said stator 
assembly including at least one magnet assembly, 
a rotor assembly rotatably mounted within said 
housing, said rotor assembly including an annular 
disc shaped armature comprising stamped or print- 
ed circuit winding(s) and a front facing and a rear 
facing surface, and a brush assembly for transmit- 
ting electrical energy to the brush track portion of 
conductors of said stamped or printed circuit 



winding(s), characterized in that the housing com- 
prises a substantially flat, non-magnetic, non-per- 
*meable first endplate, an opposed substantially flat, 
non-magnetic, non-permeable second endplate, ar- 
ranged substantially parallel to said first endplate, 
and an outer housing ring; and that said stator 
assembly includes a magnetic, permeable, annular 
first flux return plate secured to said first endplate, 
a magnetic, permeable, annular second flux return 
plate secured to said second endplate; and that the 
magnet assembly includes high coercivity magnet- 
(s) attached to the flux return plate(s) and facing 
the surface(s) of said rotor armature. The magnet 
assembly is positioned between the first flux return 
plate and the front facing surface of the armature 
for directing a magnet field to the armature in a 
direction normal to a plane of the armature. 

Other objects, advantages and salient features 
of the invention will become apparent from the 
following detailed description which, taken in con- 
junction with the annexed drawings, discloses the 
preferred embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a prior art 
axial air gap motor. 

Figure 2 is a cross-sectional view of a single 
cage embodiment of the invention. 

Figure 3 is a cross-sectional view of a double 
cage embodiment of the invention. 

Figure 4 is a cross-sectional view of an al- 
ternate embodiment of the invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to Figure 2, an axial air gap DC 
motor 100 in accordance with the present invention 

40 is disclosed. The motor comprises a housing 102, 
a stator assembly 106, and a rotor assembly 104. 

The housing 102 is constructed from first and 
second opposed endplates 108, 110 and a cylin- 
drical outer ring 112. The cylindrical outer ring 112 

45 is connected between the circumferential edg s 
114, 116 of the endplates 108, 110 to form the 
cylindrical housing 102. The housing 102 is held 
together by bolts (not shown) passing between the 
first and second endplates 108, 110. The compres- 

50 sion created by the bolts acts to maintain the 
endplates 108, 110 and cylindrical outer ring 112 in 
a predetermined configuration. Each of the end- 
plates 108, 110 also includes a respective central 
opening 118, 120 adapted to accommodate a rotat- 

55 ing shaft 122 of the rotor assembly 106 in a man- 
ner that will be discuss d in more detail below. 

Th endplates 108, 110 are mad of a ligh- 
tweight, non-magnetic, non-permeable material, 
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preferably aluminum. As such, the endplat s can 
be manufactured by low cost casting or extrusion 
methods. The endplates may also be made from 
other low cost, non-magnetic, non-permeable ma- 
terials while remaining within the spirit of the inven- 
tion. For example, the endplates could be made 
from molded plastic. Because the endplates can be 
manufactured from lightweight, non-magnetic, non- 
permeable materials, they do not require expensive 
plating that would be required by iron or steel 
endplates to prevent oxidation. Although the end- 
plates are preferably manufactured from ligh- 
tweight; non-magnetic, non^permeable materials, 
they could be manufactured from steel or iron. 
However, doing so would diminish many of the 
advantages associated with the invention. 

Similarly, the cylindrical outer ring 112 is pref- 
erably manufactured from aluminum, plastic or oth- 
er lightweight, non-permeable material that might 
be available for manufacturing the cylindrical hous- 
ing 102. 

The housing 102 encloses a rotor assembly 
106 and a stator assembly 104. The rotor assembly 
106 comprises a rotatably mounted shaft 122 se- 
cured to a pair of bearings 124, 126 positioned in 
the central openings 118, 120 in each of the end- 
plates 108, 110. An armature hub 128 is secured 
on the central portion of rotating shaft 122 to pro- 
vide a mounting structure for an armature 130. 
Additionally, a wave washer 132, or suitable spac- 
er, is positioned between the armature hub 128 and 
bearing 124 to maintain the armature 130 in its 
proper position. 

The armature 130, or rotating winding, consists 
of an annular disc that is mounted on a ledge 34 
located on the armature hub 128. In the preferred 
embodiment, the armature 130 is a stamped wind- 
ing that is bonded, e.g., by epoxy, to the armature 
hub 128. Although the preferred embodiment uti- 
lizes stamped windings, wire windings or etched 
windings can be utilized in accordance with the 
invention. 

Electricity is supplied to the armature windings 
by conventional molded brush blocks 136, 138 
secured to the second endplate 110. The molded 
brush blocks 136, 138 may be secured to the 
second endplate 110 by bolts (not shown) or an 
adhesive. The molded brush blocks 136, 138 re- 
duce assembly costs, permit non-series building of 
the inventive motor, and facilitate field replacement 
of the brushes. Since the preferred embodiment of 
this invention is intended for use with a direct 
current power supply, a commutator is incorpo- 
rated in the stamped winding armature 130 and is 
contacted by the molded brush blocks 136, 138 to 
produce the alternating current required by such 
electric motors. 



The stator assembly 104 comprises a first an- 
nular flux return plate 140 secured to the first 
endplate 108 and a second annular flux return plate 
142 secured to the second endplate 110. The flux 

5 return plates 140, 142 can be manufactured from 
steel, iron or any other acceptable magnetic, per- 
meable material. Tho flux return plates 140, 142 
are precisely positioned on respective endplates 
108, 110 by dowels 144 extending between re- 

io spective holes 146, 148 in the endplates 108, 110 
and in the flux return plates 140, 142, respectively. 
The flux return plates 140, 142 are securely held in 
position by four bolts (not shown) extending 
through each of the flux return plates 140, 142. 

75 As shown in the embodiment of Figure 2, a 
series of discrete rare earth magnets 150 (e.g., 
samarium cobalt or neodymium based magnets) 
are secured to the first flux return plate 140. The 
illustrative motor is an eight pole machine and 

20 therefore eight discrete magnets 150 are secured 
to the first flux return plate 140. The magnets 150 
are evenly distributed to form an array of pole 
faces and are each bonded to the first flux return 
plate 140 by an adhesive, such as epoxy cement. 

25 The magnets 150 are magnetized to provide pole 
faces of alternating north and south magnetic 
polarities. 

Although rare earth magnet are used in the 
preferred embodiment, any high coercivity mag- 
30 nets, such as ferrite, can be used in accordance 
with the invention. Magnets of high coercivity can 
typically be made in very short lengths, as op- 
posed to Alnico magnets that require longer 
lengths to provide the same magnetic field. In 
35 addition, magnets of high coercivity do not need to 
be magnetized in situ. They can be magnetized 
outside the motor without fear that they will loos 
their magnetization. The short length and high 
coercivity facilitate the ability to design a configura- 
40 tion where the magnets are attached to the flux 
return plates. 

Although the preferred embodiment of the in- 
vention utilizes annular flux return plates 140, 142 
and discrete magnets 150, a wide variety of vari- 
es ations is possible within the spirit of the invention. 
For example, the annular ring 112 could be formed 
from discrete elements positioned within the hous- 
ing 102. Additionally, an annular magnet having 
alternating polarized regions could be used. De- 
so cisions regarding the structure of the flux return 
plate and magnets should be based upon the de- 
sired motor characteristics (e.g., number of poles, 
strength of magnetic field, size of the motor). 

As shown in Figure 2, shims or spacers 152 
55 can be placed between the flux return plates 140, 
142 and the endplates 108, 110 to vary the dis- 
tance between the rotor assembly 106 and the 
stator assembly 104. This permits the performance 
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characteristics of the axial air gap motor 100 to be 
readily altered depending upon the environmental 
requirements of the motor. Sepcifically, changing 
the distance between the rotor assembly 106 and 
the stator assembly 104 permits modification of the s 
torque and power outputs of the motor 1 00. 
Changes in the performance characteristics of the 
inventive motor are accomplished without changing 
the housing size, that is, the diameter or length of 
the motor. ™ 

Figure 2 shows the inventive motor with the 
magnets on only one side of the rotating winding, 
that is, a single cage arrangement. Figure 3 shows 
an alternate embodiment with the magnets on both 
sides of the rotating winding, that is, a double cage 75 
arrangement. Specifically, the only difference be- 
tween the embodiment shown in Figure 2 and that 
shown in Figure 3 is the addition of a second 
series of discrete magnets 154 that are secured to 
the second flux return plate 142. Given the struc- 20 
tural similarities between Figures 2 and 3, with the 
exception of the additional magnets 154, the motor 
of Figure 3 is labelled using the same reference 
numerals as those used in Figure 2. 

In accordance with the invention, the double 25 
cage arrangement is easily manufactured by using 
common parts (for example, magnets, flux return 
plates, endplates, etc.) and assembly techniques, 
within a common housing size for the motor. Once 
again, the invention permits variations in the mo- 30 
tor's performance characteristics by simple alter- 
ations. 

As shown in Figure 4, the motor 200 can also 
be made with a wire wound armature 230. The 
embodiment of Figure 4 includes the same housing 35 
structure 202 and stator structure 204 as the em- 
bodiment shown in Figure 2. However, the embodi- 
ment shown in Figure 4 includes a wire wound 
armature 230 secured to the rotating shaft 222. A 
commutator 231 is positioned on the armature 230 40 
to facilitate the alternating current required by the 
motor 200. Replacement of the stamped winding 
armature shown in Figures 2 and 3 does not effect 
the performance of the motor, but is merely one of 
many alternate embodiments that may be utilized 45 
while remaining within the spirit of the invention. 

As stated previously, the present invention ad- 
vantageously permits easy assembly of axial air 
gap motors. Specifically, the flux return plate and 
the magnet can be assembled separately from the so 
other parts, thereby compressing manufacturing 
cycles. Additionally, the motor according to the 
invention can b made either by machining, or 
casting, a housing from any low cost material avail- 
able at the time. For example, the housing parts 55 
can be molded from plastic or extruded from alu- 
minum. In fact, it was found that when th housing 
was made from extruded aluminum, the motor had 



its greatest performance and cost advantages. 

The invention has been disclosed for use with 
a direct current power supply. However, the pre- 
ferred embodiment could certainly be modified to 
work with an alternating current power supply with- 
out departing from the spirit of the invention. Addi- 
tionally, the preferred embodiment could be modi- 
fied to incorporate a brushless design, while retain- 
ing the spirit of the invention. 

While the preferred embodiment of the inven- 
tion has been shown and described, it will be 
understood that it is not intended to limit the disclo- 
sure, but rather, to cover all modifications and alter- 
native methods and apparatus as falling within the 
sphere and scope of the invention as defined in the 
appended claims. 

Claims 

1. An axial air gap motor comprising a housing 
including endplates, a stator assembly moun- 
ted within said housing, said stator assembly 
including at least one magnet assembly, a 
rotor assembly rotatably mounted within said 
housing, said rotor assembly including an an- 
nular disc shaped armature comprising 
stamped or printed circuit winding(s) and a 
front facing and a rear facing surface, and a 
brush assembly for transmitting electrical en- 
ergy to the brush track portion of conductors of 
said stamped or printed circuit winding(s), 
characterized in that the housing compris s a 
substantially flat, non-magnetic, non-permeable 
first endplate (108), an opposed substantially 
flat, non-magnetic, non-permeable second nd- 
plate (110), arranged substantially parallel to 
said first endplate, and an outer housing ring 
(112); and that said stator assembly includes a 
magnetic, permeable, annular first flux r turn 
plate (140) secured to said first endplate (108), 
a magnetic, permeable, annular second flux 
return plate (142) secured to said second nd- 
plate (110); and that the magnet assembly 
includes high coercivity magnet(s) attach d to 
the flux return plate(s) (140, 142) and facing 
the surface(s) of said rotor armature. 

2. The axial air gap electric motor of Claim 1 
wherein shims (152) are positioned between 
said endplates (108, 110) and said flux return 
plates (140, 142) to alter the distance between 
said rotor assembly (106) and said stator as- 
sembly (104). 

3. The axial air gap electric motor of Claim 1 
wherein said first and second housing end- 
plates (108, 110) are made of aluminum. 
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4. The axial air gap lectric motor of Claim 1 
wherein said first and second housing end- 
plates are made from molded plastic. 

5. The axial air gap electric motor of Claim 1 5 
wherein said outer housing ring (112) is made 
from aluminum. 

6. The axial air gap electric motor of Claim 1 
wherein said outer housing ring (112) is made 10 
from molded plastic. 

7. Jim 

and/or Claim 5 wherein the aluminum is ex- 
truded aluminum. *s 

8. The axial air gap electric motor of Claim 1 
wherein said brush assembly comprises mol- 
ded brush blocks (136, 138). 

20 

9. The axial air gap electric motor of Claim 8 
wherein the molded brush blocks are inte- 
grated in one of the housing endplates (108, 
110). 

25 

10. The axial air gap electric motor of Claim 1 to 
Claim 9 wherein the magnet assembly in- 
cludes discrete magnets of alternating polarity. 

11. The axial air gap electric motor of Claim 1 to 30 
Claim 10 wherein said magnets are rare earth 
magnets. 



35 



40 



45 



SO 



6 



EP 0 677 915 A1 




16 



FIG. 1 

PRIOR ART 



EP0 677 915 A1 




FIG. 2 




FIG. 3 



EP 0 677 915 A1 




AppUcaaoa Nuabor 

EP 95 10 4267 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where Appropriate, 
of rctevMrt pmnq 



to ctefan 



CLASSIFICATION OP THE 
APPLICATION dnLCLi) 



Y 
Y 



X 
A 



DE-B-11 74 415 (S.E.A.SOCIfTe 
D'CLECTRONIQUE ET D' AUTOMAT I SME) 23 July 
1964 

* column 3, Hne 39 - line 47 * 

* column 4, line 16 - Hne 18 * 

* column 4, line 35 - Hne 36 * 

* column 5, Hne 20; figure 1 * 

PROCEEDINGS OF THE 15TH INTERSOCIETY 
ENERGY CONVERSION ENGINEERING CONFERENCE, 
vol . 3, 18 August 1980 - 22 August 1980 
SEATTLE, WASHINGTON, 
pages 2057-2061, 

P.CAMPBELL 'electric vehicle traction 
motors - The development of an advanced 
motor concept 1 

* page 2058, column 2, paragraph 1 * 

* page 2058, column 2, paragraph 3 * 

US-A-4 082 971 (S.MIYAKE & AL.) 4 April 
1978 

* column 1, line 41 - line 44; figure 1 * 

GB-A-2 140 217 (SEIKO INSTRUMENTS AND 
ELECTRONICS LTD.) 21 November 1984 

* figure 3 * 

WO-A-86 03898 (ROBERT BOSCH GMBH) 3 July 
1986 

* page 10, line 29 - page 11, line 1; 
figure 4 * 

US-A-4 390 805 (J.H.HAHN) 28 June 1983 

* figure 1 * 

US-A-3 466 483 (K.O.JOHNSON & AL.) 9 
September 1969 

* figures 1,2 * 



The present 



report has beca drawn op for all 



1,10 



H02K23/54 



3,5,11 
11 



3.5 



TECHNICAL FIELDS 
SEARCHED (IfltCLf) 



H02K 



FUnar 

BERLIN 



31 July 1995 



Leouffre, M 



CATEGORY OF CITED DOCUMENTS 

X : parueuUHy rolovut If takn tiooo 

Y : parucularly rolovut tf coaM&oi with a&othor 

oocuaoaf of the sum catogory 
A : uchDotogfctJ bofkynm^ 
O : Doo-nrttton lUciosar* 
P : latoraolnto ooenmoat 



T : thowy or ariadplo mtabtng tho towntioo 
E : tmrlUr ottoat tfooaaoat, bat pabJUhoi on, 01 
aftortatflUaf 4mU 



D : tfoc&Mt dtot la tho application 
L : aocuaoat dtoi for otbor rttsoes 



A : a tabor of tho tamo patoat fuaty. um o ip o n i 'tm 



European Patent EUROPEAN SEARCH REPORT 

Office 



Application Nana* 

EP 95 10 4267 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cotofory 



D,A 

I A 
D,A 



US-A-3 488 539 (W.B.TUCKER) 6 January 1970 
* column 4, line 33 - line 36; figures 
6,10 '* f — 

FR-A-2 462 806 (KABUSHIKI KAISHA YASKAWA 
DENKI SEISAKUSHO) 
& US-A-4 341 973 



The 



aenren report hns bees drawn up for nil daina 



Rcfcvaot 
to csaim 



CLASSIFICATION OF THE 
APPLICATION QntCLft 



TECHNICAL FIELDS 
SF^prHFn (lnLCLfi) 



Plata of 

BERLIN 



D— «f i|l tin til* mm 

31 July 1995 



Leouffre, M 



CATEGORY OP CITED DOCUMENTS 
X : parttcoUriy ratawnt If taken alooa 

S| foc&saat of tb« SUB* 0 

A : tacaaolotica) •ackfroeai' 



1 



aJtartaa Ming data 
D : aoannant dtW ta taa application 
L : aocoaant chad for otnar r 



r of tha lama i 



lfami^,cofmponil&c 



